Objective: To develop a hierarchical task listing of steps required to perform successful Functional Endoscopic Sinus Surgery (FESS). To complete a technical and human factor analysis of tasks resulting in the identification of errors, frequency of occurrence, severity, and reduction through remediation.
INTRODUCTION
Functional Endoscopic Sinus Surgery (FESS) is a common surgical procedure performed in many major ENT centers. FESS is indicated in the management of chronic rhinosinusitis and has been shown as a reliable treatment to restore physiologic drainage and ventilation of the paranasal sinuses. 1 There is large scope for error in Functional Endoscopic Sinus Surgery and overall complication rates of between 1 and 3 percent have been described in literature. 2 New technologies and techniques including 3D navigation technology, improved equipment, better techniques and surgical safety checklists have improved technical outcomes since early endoscopic sinus surgery, 3, 4 Current practice for surgical training has moved away from traditional methods of practicing and teaching on live patients. Novel methods of teaching trainees including simulation are increasingly being incorporated into surgical curricula and literature 5 in an attempt to improve patient safety. 6 Simulation based learning has shown promise in reducing error rates and improving time to achieving proficiency in surgical skills. Surgical simulators provide a risk-free, cost-effective environment to practice the skills required to develop proficiency in FESS. However, these approaches to training have not yet been subjected to large-scale studies. 7 Prior to commencement on patients or simulators, trainees should have a base knowledge of the methods and steps required to perform a successful FESS.
Human factors play a substantial role in errors during any surgery and as long as surgeons are holding instruments, errors will occur due to these factors. 8 Understanding the mechanisms behind these human errors has large potential to further reduce the possibility of adverse events and reduce the risks associated with FESS. 9 Improvements in human factors training involve tackling such areas as communication teamwork, situational awareness checklists, 10 and error strategy management. 11 These factors are being incorporated into modern-day core surgical training as a means of avoiding risk and improving patient safety. 12 These methods have been described as a means of improving technique and assessing performance in surgery. 13 To date, the human factors which contribute to error in FESS have not been examined in literature.
Hierarchical Task Analysis has been well documented in many high-reliability organizations such as aviation, military specialties, and nuclear power leading to safer working environments.
14 These methodologies are being adapted in surgery and anesthesia as a means of improving patient safety and performance evaluation. 15, 16 These analyses are dependent on subjective observations and variations in clinical practice to produce a single accepted optimum method for successful completion of a procedure. This study aims to examine the process of developing a hierarchical task analysis for FESS and to analyze identified errors using the Systematic Human Error Reduction and Prediction Approach (SHERPA) methodology.
METHODS
Hierarchical task analysis is a well-documented approach to systematic decomposition of a procedure into its component steps with specific focus on the human factors which contribute to a safe outcome. 17 We produced a hierarchical task analysis for an error-free FESS decomposed to a level of detail where failings in each subtask could produce a significant error.
SHERPA was first described as a guideline for human error reduction in human-machine system interactions in nuclear power. 18 This has since been adapted and used in medical specialties, including anesthesia, 16 as a means of identifying credible errors in the process and suggesting methods of error mitigation at each step.
Task analysis allows trainees to view the steps required to complete a safe and successful FESS. These are presented in a concise manner showing a sequential list and task breakdown to improve knowledge and facilitate an earlier time to competency.
Hierarchical task analysis serves as a framework for application of a SHERPA approach to identify the errors. Each unique error is scored based on the Health Service Executive risk matrix. 19 This stratifies the errors using a composite score calculated by impact of error (Table I) and frequency of error occurrence (Table II) . Particular attention was given to documenting preventative techniques to ensure as safe a surgery as possible. 20 Ethical approval was obtained from the University Hospital Galway Research Ethics Committee to conduct the research project and informed consent obtained from participants providing data. A Hierarchical Task Analysis was applied to functional endoscopic sinus surgeries, covering initial patient positioning to care of the patient postoperatively. Information required to produce the task analysis was collected in three stages.
Literature review
In order to first appreciate a theoretical background to FESS the relevant literature was appraised including books 21, 22 and relevant papers examining various techniques and approaches to sinus surgery. Databases consulted included Scopus, Pubmed, Medline, and Uptodate. A provisional list of tasks required to complete a successful FESS was produced based on available literature.
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From Observation was undertaken of 25 FESS cases in University Hospital Galway from July to October 2017. Steps taken to complete the surgeries were recorded. Variation in practices and steps were documented and used to refine the task list.
Structured interviews took place with five consultant attending surgeons and one consultant attending anesthetist. Each consultant was individually asked for input into the task analysis until a single agreed correct method was identified. Each subtask was analyzed for potential errors and each suggested error scored out of a maximum of 25 points.
Having identified the task goal as a successful surgical outcome, each task step was described in chronological order. Each task step was further divided into subtasks and the process continued until sufficient detail indicated that further subdivision became irrelevant or non-impacting on the task goal of successful surgical outcome.
Subtask steps derived from the HTA were evaluated using the SHERPA method. This method involves the following steps 23 :
1. Describing the step according to the action taken or the behavior required; 2. Classifying the errors to determine what can occur; 3. Detailing the consequences of each error; 4. Determining if there are measures that may be taken to recover or prevent the error; 5. Rating the probability and criticality of each identified error; and 6. Suggesting remediation and preventative measures to reduce error frequency and criticality.
Error types were classified from frequency of occurrence, severity, or criticality of impact and remedial and preventative actions. The consultant surgeon interviewees formed the consensus group for inclusion of highrisk errors.
RESULTS
Twenty-five FESS, performed by three consultant ENT surgeons were observed for the purposes of the study. Differences in technique from the provisional task analysis were documented and used to edit the task analysis upon consultation with the surgeons. No serious adverse events occurred during these surgeries. Variations existed between surgeons' techniques and between steps required to successfully perform FESS among patients with varying severity of disease. The proposed HTA was modified by each surgeon until a single correct method was agreed upon by the participants. The method agreed upon was deemed appropriate as a means of familiarizing trainees with the correct steps and means of reducing risks.
A task list was derived from the steps involved in performing a successful FESS. Steps were characterized using a HTA approach which resulted in a task and subtask schedule consistent with successful surgical outcomes (Table III) . A SHERPA methodology was used to identify potential errors, rate their significance, and suggest both remedial and preventative actions to reduce or eliminate errors. This task analysis was modified and edited based on consultation with a consensus group of eight surgeons and one anesthetist all familiar with the procedure. Ten principal tasks and 49 subtasks were identified. Of the errors at each subtask nine scored 10 points or higher with the two highest subtasks scoring 12 and 15 points, respectively. These two subtasks were "possible" on frequency score and "major or extreme" on the severity score. An overview of the HTA is represented in Tables III and IV . SHERPA output for each subtask step is detailed in Table V .
DISCUSSION
This HTA highlights a number of important steps in FESS that were judged to have the potential for serious adverse events. Failure to remove the throat pack was identified by surgeon and anesthetists as a possible error with extreme impact. Methods to mitigate this risk can include: tying or suturing the pack to the airway equipment, leaving some of the pack outside of the patient's mouth, Leaving a sticker on the patients forehead, and a wearable band to remind anesthetic staff. 24 Variation in practice existed within the hospital and this was the most significant risk to patient safety. Regardless of surgeon's or anesthetist's preference one standardized protocol will remove the uncertainty of responsibility regarding a key subtask which relies on human interaction and effective communication in the team.
Other risks with extreme impact include arterial bleeds, skull base injury, and optic nerve damage. As a result of the HTA the steps in which these errors occur can be focused on to target improvements in trainees technical skills. In addition to this, other risks can occur during multiple subtasks (Table V) drawing attention to the need for measures to avoid these potential adverse events.
Highlighting the steps which require more supervision and guidance allows trainees to improve skills in a safe environment and can address the concerns in allowing trainees to perform technically challenging high-risk steps. 25 Human factors training has been reported to make positive changes to clinical practice. 26 Mandatory programs to support this type of training have been introduced to core surgical trainees by the Royal College of Surgeons in Ireland and the United Kingdom. 27 HTA is a valuable tool used to provide a systematic description of the steps of an activity and this is of specific relevance to high-reliability organizations. As a tool this task analysis provides a step by step guide to the procedure that is valuable for surgical trainees. As a result of this task analysis trainees will have a better understanding of the procedure and team members will have an improved awareness of the high-risk steps and the potential errors. Because errors in FESS can have significant consequences, opportunity for learning by trial and error is no longer feasible. HTA and SHERPA are valuable tools to deconstruct expert performance and to highlight potential errors in FESS. Errors can involve any member of staff from any discipline during the procedure and a preoperative task analysis viewed prior to a surgery will increase the awareness of these errors among team members and improve the capacity of the theatre team to manage these risks. Future surgical training will rely more on simulation 28 and task analysis will facilitate the steps to build and improve simulation based tools. Task analysis in the operating theater has the potential to allow any observer to appreciate the organization and technical proficiency required during each step by following the steps with their observation. In addition a check list version of the steps and materials used has the potential to speed up work flow and accuracy of the operation note. This is of particular value prior to the construction of an electronic operation note.
The introduction of surgical checklists perioperatively has been demonstrated to reduce error, facilitate communication, and to improve patient safety. 29 This systematic approach to the perioperative period has the potential to have a similar impact on the intraoperative period. This method applied in multiple centers would further highlight differences in expert opinion and facilitate the analysis of groups of experts' differing opinions regarding how these steps are performed. If a universal consensus on an algorithmic approach to FESS could be agreed upon, this could standardize patient care across centers and improve safety in centers, which fall below this standard.
The HTA and SHERPA approach to surgical procedures are useful learning and assessment tools for novice surgeons, In addition assessments of both operative and nonoperative performance can be based upon analysis of performance at the sublevels from this task analysis. The information derived from this task analysis of FESS offers the opportunity to improve surgical training and enhance patient safety by identifying high-risk steps in the procedure, and how risk can be mitigated. The agreed upon steps can be used to identify where trainees have difficulty with technical aspects and emphasize improvement in these areas. A scoring system at each task or subtask will allow trainees to be assessed in a standardized manner and feedback will facilitate improvement.
HTA and SHERPA can be more difficult to apply to emergency cases or cases where major variations in technique and setup may occur perioperatively. In addition, in circumstances where human resources are limited another checklist can represent an additional burden to theater staff. For FESS an algorithmic standardized approach is an iterative process and can be updated as novel technologies and advancements are made available. Surgical task analyses will need updating as novel strategies techniques and methods of reducing error are introduced.
HTA and SHERPA have the potential to be applied to any procedure and a standardized accepted method could ensure that surgeons are less frequently dealing with an unfamiliar task. Ultimately a rigorous method and the standardization of method will have the ability to reduce error and improve patient safety.
CONCLUSION
The HTA and SHERPA approach to task decomposition is a valuable tool in understanding the factors necessary to successfully carry out a FESS. This tool has been relatively underutilized in literature and modern surgical training. Human errors in surgery can be better recognized and sooner addressed. With wider uptake and usage these approaches have the potential to mitigate and reduce error in high-risk surgeries such as FESS. With identification and recognition of areas of concern improved efforts can be made to minimize the opportunities for errors. These analyses have the potential to improve trainees understanding of the surgery and also to facilitate evaluation and standardization of current practice across centers.
Our HTA and SHERPA of FESS has demonstrated the potential use of this tool for education, evaluation of practice and defining a standard of care with the aim of reducing risks and improving patient safety.
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